Background: The objectives of this prospective randomized trial were to assess the impact of Peyton's four-step approach on the acquisition of complex psychomotor skills and to examine the influence of gender on learning outcomes. Methods: We randomly assigned 95 third to fifth year medical students to an intervention group which received instructions according to Peyton (PG) or a control group, which received conventional teaching (CG). Both groups attended four sessions on the principles of manual therapy and specific manipulative and diagnostic techniques for the spine. We assessed differences in theoretical knowledge (multiple choice (MC) exam) and practical skills (Objective Structured Practical Examination (OSPE)) with respect to type of intervention and gender. Participants took a second OSPE 6 months after completion of the course.
Background
Manual therapy including manipulation, mobilization, and traction is frequently used in the treatment of musculoskeletal disorders. However, there remain many unanswered questions with respect to training modalities and associated levels of competence.
The need of a medical expert with a strong didactical background to transfer these complex psychomotor skills was shown [1] . The mastery of complex psychomotor skills is a prerequisite for chiropractic treatments. Students typically acquire these skills through observation of their teachers demonstrating specific procedures and through practice on fellow students [2] . There is growing evidence that motor learning principles such as mental practice [3] , augmented feedback [4] or different training schedules [5] can promote skills acquisition. However, a recent review found insufficient evidence to make definitive recommendations for the use of different motor learning principles in skills training [6] . Rodney Peyton's four-step approach has been proven to be effective in skills lab training of technical skills [7, 8] . The approach comprises four clearly defined instructional steps [9] :
Step 1 -"Demonstrate": The trainer demonstrates the skill at a normal pace and without additional comments.
Step 2 -"Talk the trainee through": The trainer demonstrates the respective skill while describing each procedural substep in detail.
Step 3 -"Trainee talks trainer through": The trainer performs the skill for a third time, based on the substeps described to him by the trainee.
Step 4 -"Trainee does": The trainee performs the skill on his/her own.
Potential benefits of the technique include the combination of several learning theories.
Especially step three, when the trainee instructs the trainer, seems to be a key to student learning. The student first has to reflect upon Steps 1 and 2 (Think) before instructing the trainer (Share). Think-Share allows the student time to organize their thoughts before actively articulating their thoughts [10] . In addition, the cognitive process called self-explanation seems to facilitate the integration of new knowledge into existing knowledge [11] .
Medicine used to be a predominantly male occupation but today, woman account for half of all medical students in the USA and outnumber men in several European countries [12] . Gender and associated gender roles are reported to have an impact on learning and skills acquisition [13] and an influence on specialty preferences [14] . With rising numbers of women in medical school these differences warrant further evaluation in order to accommodate the educational needs of both genders.
This investigation evaluated (1) whether Peyton's fourstep approach is superior to conventional instruction for teaching complex psychomotor skills to medical students, (2) whether effectiveness of the approach is related to gender, (3) how the teaching strategy is perceived by trainees and (4) whether skills are maintained over time.
We hypothesized that Peyton's four-step approach would be effective and well accepted by trainees regardless of gender and would enhance skills retention over time.
Methods

Study design
This was a single-center prospective randomized trial. Institutional Review Board approval was granted before initiation of this study, and strict confidentiality guidelines were followed (Local Ethics Committee Reference Number EK 178/09).
Randomization
We randomly assigned course participants (simple computerized random numbers) to an intervention group which received instructions according to Peyton's four-step approach (PG) or a control group, which received conventional teaching (CG).
Participant selection
Based on previous literature on the effect of Peyton's four-step approach an effect size of 0.7 was expected. A standard power calculation (two tailed t-test, power = 0.8 and a = 0.05) indicated that a sample size of 34 participants is needed in each group to demonstrate this effect size [7] . Eligible participants were all medical students that took the elective Manual Therapy Course. Participants provided informed consent for the use of their results in this study at the time of enrollment. A total of 87 students completed both the course and assessment. The detailed schedule is depicted in Fig. 1 . All students were recruited at one single university between October 2012 and October 2013.
Course concept
We offered an elective skills course for third to fifth year medical students. In four, 120 min long sessions, we covered principles of manual therapy and specific manipulative and diagnostic techniques for the spine, including Fig. 1 Detailed course schedule and flow of participants the sacroiliac joint. The 30 min theoretical introduction to each session included indications and contraindications for manual therapy, differences between mobilisation and manipulation, diagnostics, patient positioning, hand placement, specific anatomical contact, preload, thrust phases and the direction of force. In the training part (90 min), students practised the 3-step-diagnosis of the spine and techniques for each segment of the spine and the sacroiliac joint ( Fig. 2a-d) .
Teachers
Students were taught by two board-certified orthopaedic consultants that both held a certificate in manual therapy and had at least 7 years of experience and one student tutor per group. Student tutors received thorough instructions for their respective teaching session prior to the study. Instructors were not blinded to the study design but taught only one method (Peyton or standard instruction) to avoid reciprocal interference.
Training according to Peyton (Peyton group)
Steps 1 and 2 were performed for the whole group. Steps 3 and 4 were performed by all students individually for each skill with a teacher to student ratio of about 1:1. Afterwards, students received feedback about their performance.
Standard instruction (conventional group)
Standard instruction comprised demonstration of practical skills by the teacher accompanied by explanations and time for students to ask questions. Students then practised the skills on each other receiving assistance and feedback by the teacher and student tutor.
Assessment
At the end of the course, students took a 10 items multiple choice (MC) exam on the principles of manual therapy as taught in the theoretical part of the course. Skills acquisition was assessed in an Objective Structured Practical Examination (OSPE) [15, 16] . In order to assure objectivity and exact evaluation, the exams were videotaped. Three independent observers who were blind to the aim of the study and its design assessed students' performance using a 100 item binary checklist (Table 1) .
Evaluation
Participants were asked to evaluate the course using a paper-based 38 items survey. Questions focused on the quality of the individual course units (6-point grading scale; 1 = very good, 6 = insufficient) competence of the lecturer, teaching strategy, the quality and organisation of the lessons and the increase in skills and knowledge (5-point Likert scale; 1 = fully agree, 5 = strongly disagree). 
Assessment of skills retention
Participants were asked to take a second OSPE, identical to the first, at least 6 months after completion of the course. Again, the exams were videotaped and assessed by three independent observers. A total of 24 participants (Peyton Group: 9 women and 7 men, Control Group: 7 women and 1 men) were available for the second exam.
Statistics
Descriptive statistics were computed for variables of interest. Chi Square or Fisher's exact test was used to assess differences for categorical variables. We performed multivariate analysis to assess the relationship between exam scores and evaluation results as the dependent variable and gender, and type of intervention as predictors. We used repeated measures ANOVA to assess differences in retest results between groups. Significance level of statistical tests was set at p < 0.05. We used intra-class [17] . The statistical analyses were performed using SPSS (version 22.0, IBM, USA). Table 2 summarizes the demographic characteristics of the participants. There were no significant differences between groups regarding gender or age ( Table 2) . Gender had no significant effect on outcome in multivariate analysis (V = 0.18, F(10,74) = 1.6; p = 0.13) ( Table 3) .
Results
Study population
Using Pillai's trace there was a significant decline in knowledge and procedural skills regardless of type of intervention (Table 4 ). Due to the uneven distribution of women and men, we did not assess the impact of gender on the exam results.
Evaluation
Complete questionnaires were available from 23 participants, equivalent to a response rate of 26 %. Using Pillai's trace, there was no significant effect of neither type of intervention (V = 0.98, F(1,19) = 2.7; p = 0.4) nor gender (V = 0.95, F(1,19) = 1.1; p = 0.7) on the evaluation results (Table 5 ).
Interrater reliability
A high degree of reliability was found between raters for all variables of interest (Table 6) .
Discussion
This prospective randomized trial investigated two different approaches for teaching complex spinal manual therapy techniques in an elective skills course. Theoretical instruction did not differ between groups and there were no differences between groups with respect to the results of the multiple choice exam. However, analysis of the videotaped practical exam revealed significant differences between instructional approaches. Students that received instructions according to Peyton's four-step approach scored significantly higher in the overall score and especially in the more complex therapeutic parts. Although gender had no additional impact in multivariate analysis, univariate analysis suggests that men seemed to benefit more from this instructional approach than women. Participants were asked to take a second OSPE, identical to the first, at least 6 months after completion of the course and results showed a significant decline in knowledge and competency to perform techniques. Students in the Peyton Group again performed better than in the Control Group. However, with only a small number of students available, this difference did not reach significance. A recent randomized controlled trial investigating the differential learning outcomes of the separate steps of Peyton's four-step approach identified Peyton's Step 3 as the most crucial part of the technique [18] . Students that received Peyton's Steps 1, 2, and 3 showed a significantly superior first independent performance of central venous catheter insertion using a manikin compared to students that received only steps 1 and 2. Results of an incidental free recall test 1 day after training showed similar outcomes. The significant decline in competency in both groups in our trial might be attributed to the far longer latency, at least 6 months compared to 1 day, between tests.
This decline in knowledge and skills might be attributed to the fact that spinal manipulation is not part of students' daily routine and that they had no opportunity to apply their acquired knowledge and skills in the meantime.
Repeated training as well as periodic formative assessments might be possible solutions to the described skills and knowledge decay [19, 20] . Concrete changes to the course curriculum could involve a longitudinal, modular concept to promote skills retention.
Complex bimanual tasks of spinal manipulation require high levels of sensory and motor coordination and confidence and should be taught by experienced professionals [1] . Existing guidelines offer no indication as to the comprehensiveness of training necessary or for the standard of competence that should be attained. Motor tasks requiring whole body coordination are especially challenging because they depend on the coordination of trunk and limb movements [21] . Thus, an early implementation of training musculoskeletal examination and motor skill techniques during medical school could be highly beneficial, especially considering the fact that medical students do not feel adequately prepared in musculoskeletal medicine [22] . Several alternative teaching methods have been used for teaching spinal manipulation such as quantitative augmented feedback strategies or special manikin or simulator training [4, 23] . Interestingly, peer teaching, which has been proven to be effective for teaching technical skills, seems not to be beneficial [1] . Rodney Peyton's four-step approach has been reported to be a useful strategy for teaching complex manual skills [7, 8] and results of our trial prove its effectiveness in spinal manipulation. Given the complexity of Peyton's four-step approach, one might assume that the length of time needed for instruction will be far greater than in the Control Group. With equal training hours, this should provide the Control Group with comparatively more time to practice and thus higher levels of competency. One possible explanation for the superiority of the Peyton Group might be the combination of motor imagery and skills performance as inherent in Peyton's Step 3 [18, 24, 25] . This is supported by the results of a randomized controlled trial evaluating the impact of a cognitive training method on the performance of simulated laparoscopic cholecystectomy. Surgeons that received additional mental training outperformed both a group that received additional practical training as well as a control group and regarded mental training as a valuable tool in their education [26] .
Evaluation results showed that students in the Peyton Group had the impression that they had learned a lot and students in the Control Group, especially women, reported that they would have rather been in the Peyton Group. A qualitative study used focus group discussions to find out what teaching skills helped students to acquire physical examination skills [27] . Students wanted teachers to demonstrate a skill step-by-step as opposed to showing the whole examination at once to prevent memory loss. Students also acknowledged the positive effects of demonstrating skills in front of the class, such as direct feedback [23] .
Several reports suggest gender differences in learning and skills acquisition. Men tend to perform better in tasks requiring visuospatial abilities, have more confidence in their surgical abilities and take more risks [13, 28] . However, providing women with certain instructional approaches such as feedback and one-to-one training seems to eliminate these differences [28, 29] . This is reflected in the evaluation results, where significantly more women reported that they would have rather been in the Peyton Group. Results of a previous trial comparing peer-assisted learning to expert training of manual therapy revealed no gender differences with regard to theoretical or practical knowledge. Despite the fact that students in the expert group outperformed students in the peer group, women in the peer group rated the effectiveness of the teaching method as fairly good, found their teachers competent and enjoyed the course [1] . This might be attributed to a more positive teacher/trainee interaction and again emphasizes the importance of training programs that acknowledge the different needs of participants.
Limitations
This was a single-center study. Results may differ in different organisational or didactical settings. Furthermore, we did not assess the level of any anatomical knowledge or skills competency concerning manipulation techniques acquired prior to the intervention. However, according to the curriculum, students had not received any spinal manipulation training on the musculoskeletal system prior to the study and students denied any such qualifications in the questionnaire. We could not control for autonomous selfstudy and students' motivation which might have influenced the final test results. We do not see this as a threat to internal validity since selection bias was controlled by including a large number of participants and using methods of complete random sampling. The study guideline allowed students to miss one class during the entire course. Frequency and timing of absence had no significant influence on the final result. Results of the multiple choice exam did not differ between groups which might be attributable to the fact that theoretical teaching was identical for both groups and the fact that the number of MC questions might have been too low.
Results of the second OSPE should be interpreted with caution due to the small number of participants. In addition, the response rate to our survey was fairly low, creating potential non-response bias.
Conclusions
Results of our trial suggest that Peyton's four-step approach is superior to standard instruction for teaching complex spinal manipulation skills to medical students regardless of gender. The teaching concept is suitable for training even large groups and is well accepted by trainees. However, skills retention was equally low for both techniques. 
